Selective C-formylation of 8,9,10,11-tetrahydropyrido[2 0 ,3 0 :4,5]pyrimido[1,2-a]-azepin-5(7H)-one has been studied for the first time. It was revealed that formylation proceeds by the formation of an intermediate salt, which due to the re-amination process on treatment with aqueous ammonia transformed into the corresponding (E)-11-(aminomethylene)-8,9,10,11-tetrahydropyrido[2 0 ,3 0 :4,5]-pyrimido[1,2-a]azepin-5(7H)-one, C 13 H 14 N 4 O, as an E-isomer. Formylation was carried out by Vilsmeier-Haack reagent and the structure of the synthesized compound was confirmed by X-ray structural analysis, spectroscopic and LC-MS methods. In the molecule, the seven-membered pentamethylene ring adopts a twist-boat conformation.
Chemical context
Pyrimidine-containing heterocyclic compounds are widely distributed in nature (Lagoja, 2005) and among synthetic compounds (Joshi et al., 2016; Roopan & Sompalle, 2016) . These compounds are of theoretical and practical interest, having plural reactivity and with many prospective biologically active compounds among the synthesized derivatives.
In previous reports we have described several syntheses, viz. the reaction of 2,3-trimethylenepyrido[2,3-d]pyrimidin-4-one with aromatic aldehydes (Khodjaniyazov, 2015a,b; Khodjaniyazov & Ashurov, 2016) , selective reduction with sodium borohydride (Khodjaniyazov et al., 2016b) , and the formation of (E)-9-(N,N-dimethylaminomethylidene)-8,9-dihydropyrido [2,3-d] pyrrolo[1,2-a]pyrimidin-5(7H)-one (Khodjaniyazov et al., 2016a) . In this current report we present the results of reaction of 8,9,10,11-tetrahydropyrido[2 0 ,3 0 :4,5]-pyrimido[1,2-a]azepin-5(7H)-one (1) with the VilsmeierHaack reagent, decomposition by water and subsequent treatment with aqueous ammonia. We carried out the interaction of 1 with a formylating agent and, at the end of the reaction, the unusual final product (E)-11-(aminomethylene)-8,9,10,11-tetrahydropyrido[2 0 ,3 0 :4,5]pyrimido-[1,2-a]azepin-5(7H)-one (3) was isolated after treatment (re-amination) of 11-dimethylaminomethylidene derivative (2) with aqueous ammonia. The reaction proceeds as shown in Fig. 1 
Structural commentary
The title compound crystallizes in the centrosymmetric monoclinic P2 1 /c (No. 14) space group. The asymmetric unit contains one crystallographically independent molecule. A displacement ellipsoid plot showing the atom-numbering scheme is presented in Fig. 2 . In the molecule, the sevenmembered pentamethylene ring exhibits a twist-boat conformation and has an approximate twofold symmetry with a C 2 axis passing through atom C12 and midpoint of the C2-C9 bond. The amino group is E-oriented and hybridization of the N atom in this group lies between sp 3 and sp
2
. The C-N bond makes an angle of 155 with the bisector of the H-N-H angle. The equivalent angle in methylamine with a pyramidal sp 3 -hybridized N atom is $123 (Klingebiel et al., 2002) and it is nearly 180 in formamide with a planar sp 2 -hybridized N atom (Gajda & Katrusiak, 2011) . The pyrimidine ring is twisted slightly, which may be because of the influence of the twisted seven-membered azepane ring. The N1-C8A-N4A-C4 torsion angle of is 8.7 (4) .
Supramolecular features
In the crystal, hydrogen bonds with 16 ring and three chain motifs are generated by N-HÁ Á ÁN and N-HÁ Á ÁO contacts ( Table 1 ). The amino group is located close to the nitrogen atoms N1 and N8 of an inversion-related molecule, forming hydrogen bonds with R 2 1 (4) and R 2 2 (12) graph-set motifs (Fig. 3 ). This amino group also forms a hydrogen bond with the C O oxygen atom of a molecule translated along the a axis, which links the molecules into R The molecular structure of compound 3, with the atom labelling and 50% probability displacement ellipsoids. Table 1 Hydrogen-bond geometry (Å , ). (5) 2.79 (5) 3.401 (4) 131 (4) Symmetry codes: (i) x À 1; y; z; (ii) Àx; Ày þ 1; Àz þ 1.
Figure 3
Hydrogen bonding in the title compound showing the R 2 1 (4) and R 2 2 (12) graph-set motifs. substituent on the third ring (VAMBET; Khodjaniyazov & Ashurov, 2016) .
Synthesis and crystallization
Materials and methods. The results of electro spray ionization mass spectrometry (ESI-MS) were recorded using a 6420 TripleQuadLC/MC (Agilent Technologies, US) LC-MS spectrometer. The measurements were carried out in positive-ion mode.
1 H NMR spectra were recorded in CD 3 OD on a Varian 400-MR spectrometer operating accordingly at 400 MHz. Hexamethyldisiloxcane (HMDSO) was used as internal standard and the chemical shift of 1 H was recorded in ppm. Melting points were measured on a Boetius and MEL-TEMP apparatus manufactured by Branstead international (USA) and are uncorrected. IR spectra were recorded on an IR Fourier System 2000 (Perkin-Elmer) as KBr pellets.
The reaction process was monitored by TLC on Silufol UV-254 plates using a CHCl 3 /CH 3 OH (12:1) solvent system and the developed plates were visualized under a UV lamp. Solvents were purified by standard procedures. Organic solutions were dried over anhydrous Na 2 SO 4 or with dried CaCl 2 .
Synthesis of (E)-11-(aminomethylene)-8,9,10,11-tetrahydropyrido[2
A round-bottom flask with freshly distilled DMF (3 ml, 39 mmol) was cooled by an ice-water bath and POCl 3 (1 ml, 10.7 mmol) was added dropwise. The mixture was stirred (30 min), then 8,9,10,11-tetrahydropyrido[2 0 ,3 0 :4,5]pyrimido-[1,2-a]azepin-5(7H)-one (1) (0.51 g, 2.4 mmol) was added into the reaction mixture. The reaction mixture was heated in a water bath for 1.5 h at 343 K and left for another day. Water (4 ml) was poured into the flask. TLC monitoring showed that the initial compound had fully transformed. The reaction mixture was treated by aqueous ammonia solution up to pH 9. The obtained solution was extracted by chloroform (30 mL) three times. 3325, 3203, 3064, 2924 3325, 3203, 3064, , 2869 3325, 3203, 3064, , 2824 3325, 3203, 3064, , 1642 3325, 3203, 3064, , 1613 3325, 3203, 3064, (NH), 1591 3325, 3203, 3064, , 1562 3325, 3203, 3064, , 1523 3325, 3203, 3064, , 1470 3325, 3203, 3064, , 1433 3325, 3203, 3064, , 1389 3325, 3203, 3064, , 1353 3325, 3203, 3064, , 1319 3325, 3203, 3064, , 1267 3325, 3203, 3064, , 1249 3325, 3203, 3064, , 1227 3325, 3203, 3064, , 1184 3325, 3203, 3064, , 1126 3325, 3203, 3064, , 1107 3325, 3203, 3064, , 1077 3325, 3203, 3064, , 1045 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . H-bound N atoms were freely refined. C-bound H atoms were refined as riding with C-H = 0.93 or 0.97 Å and U iso (H) = 1.2U eq (C).
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